ABSTRACT The existing information on arthropods as predators of ticks is based mainly on sporadic observations and their role in reducing tick populations and in most cases is still not clear. Some reports suggest that in certain ecological habitats arthropods play an important role in the control of the tick population. This publication reports on some 100 relevant publications that appeared between 1906 and 1999. Ants, beetles, and spiders seem to be the major arthropods preying on ticks. In general, engorged ticks are more often preyed upon by arthropods than are unfed or feeding ticks.
THE NATURAL EQUILIBRIUM between the sizes of living organism populations is determined by many factors such as food availability, climate, presence of pathogens, parasites, and predators. However, the importance of biotic factors in the natural equilibrium of ticks have, in most cases, eluded investigation.
Predatory behavior is widespread among arthropods. Some 32 insect families are known to include predators, which are often used to suppress plant pestÕs populations. The major predators used for insect control are from the groups coccinellid and carabid beetles, lacewings and hemipterans as well as phytoseiid mites (Rutz and Patterson 1990 , De Bach and Rosen 1991 , Van Driesche and Bellows 1996 .
Until the present time ticks have been almost exclusively controlled by chemical acaricides. However, this method has many disadvantages, especially environmental contamination and the increasing incidence of acarcide resistance in several species of ticks. Arthropodes that prey on ticks suppress tick populations in the Þeld. In addition, the intimate contact between the predator and the blood feeding ticks may also cause the predator to become a vehicle or a reservoir of tick hostÕs pathogens. Thus, predators can also play a role in the epidemiology of tickborne vertebrate diseases.
Some aspects of tick biocontrol have been reviewed previously (Theiler 1959 , Jenkins 1964 , Rubzov 1967 , Morel 1974 , Rocha 1984 , Barre et al. 1991 , Mwangi et al. 1991a , Cuisance et al. 1994 , Verissimo 1995 , 1996 Barci 1997) . The abundant, but sporadic, publications on arthropods that prey on ticks consist mainly of short descriptive observations rather than experimental studies. Many articles have been published in local journals that are not widely available, and thus may not have reached scientists interested in the subject. We collected reprints of most of the available relevant publications and summarized the major data in the form of tables. It is assumed that there also exist many publications that did not come to our attention.
The predators of ticks are herewith divided into three tables (i.e., ants, beetles, and other arthropods). Our citations originate from 25 countries and over 80 references. The present publication is intended to serve those interested in the subject, or who want to learn which arthropods have been observed to decrease tick populations. This, together with the more general review of Samish and Rehacek (1999) , may help to advance further studies on arthropods as predators of ticks.
The effects of arthropod predators on a tick population has not been investigated. Some predation arthropods seem to be highly important, whereas others play only a negligible role. However, factors such as the species of a predator, type of habitat, geographical area, and season of the year are undoubtedly of considerable inßuence (Milne 1950; Krivolutsky 1963; Boiko and Zerebtsov 1970; Wilkinson 1970a Wilkinson , 1970b Fleetwood et al. 1984; Bull 1997a, 1979b) . Arthropod predators are, in general, nonspeciÞc feeders and the host density of both predator and prey in an ecological niche has a signiÞcant potential effect upon the predatorÕs value as a biocontrol agent.
The predatorÐtick relationship was mostly observed in nature and the predator was shown to have a strong tick population suppression value (Volkov and Phedulova 1972) . In a few articles, such a relationship was proven serologically by the existence of tick antigens in the alimentary canal of a predator (Healy and Cross 1975, Bobrovskykh and Uzenbaev 1987) . In some instances, predation was not proven but only suggested by a rather strong causative connection (Lavalle 1923 , Vlasov 1939 , Morel 1974 , Duffy 1991 , Jemal and HughJones 1993 . In other publications, it is not quite clear whether they report a real preyÐpredator relationship or a saprophytic-cadaver feeding relationship (Arthur 1946 , Babenko 1969 , Garris 1983 , Rocha 1984 . The predators observed were mostly nonspeciÞc. They were often regarded as tick predators only because they killed the ticks while conÞned in a container. Such results seem to be of only limited value whenever an attempt has been made to extrapolate them to natural conditions. Some publications report preference tests in which the predators were offered various food types, as well as ticks (Sautet 1936 , Pelipeicenko 1957 , Boiko and Zerebtsov 1970 , De la Vega et al. 1984 , Rocha 1984 , Bobrovskykh and Uzenbaev 1987 . Often, unfed tick stages were observed to be less vulnerable to the predators than engorged stages (Krivolutsky 1963, Bobrovskykh and Uzenbaev 1987) probably because of their higher mobility. Only the Red Rock Crab (Perry 1983 ) and the chigger mites (Oliver et al. 1986 ) were reported to prey on feeding ticks.
According to some reports, the vertebrate hosts are thought to beneÞt from the tick-repellent effect of ant secretions. One of the explanations for the "anting" behavior of many bird species (whereby some areas of plumage beneÞt from the natural body ßuids of worker ants) may be an attempt to reduce their ectoparasites. Rabbits in ant-rich areas have been found to be less infested with ticks than those in ant-free plots, assumably because of the tick repellency of formic acid (Simmons 1957 (Simmons , 1985 Buttner 1987) . Over the past decade, several studies have demonstrated that tick secretions can repel preying arthropods (Yoder et al. 1993 , Pavis et al. 1994 , Yoder 1995 .
The publications on arthropods that prey on various tick species and stages can also be divided according to their host-targets. Approximately 10% preyed upon Argasid ticks and the Ixodidae family, 33% on Ixodes, 28% on Boophilus, 18% on Amblyomma, 10% on Dermacentor, and the remainder on a few other genera. Some 57% of all publications reported on observations of ticks predation under Þeld conditions rather than in the laboratory. Only 33% of the observations on beetles were made in the Þeld. When publications were grouped according to tick stages, 39% were found to deal with adult ticks, 27% with nymphs, 24% with larvae, and 10% with eggs. Excluding predation on eggs, some 85% dealt with predation on engorged ticks and only 15% on unfed ticks. A total of 41% of the reports on tick-predating arthropods dealt with ants and 30% with beetles. Of the publications presented approximately one-third were published in Europe, including the former USSR, 27% in Australia, and 14% in South America and the neighboring islands.
In Australia, approximately one-half of the publications reported ants as tick predators rather than beetles, whereas in the former USSR only one-quarter were so described. The tick genus Ixodes was reported to be preyed upon mainly by beetles (90%) rather than by ants, whereas only 25% of Boophilus ticks and even fewer Amblyomma (3%) and soft ticks (4%) were attacked by beetles.
It is assumed that some authors published their observations guided by their interest in speciÞc pred- Tables 1Ð3 summarize information collected from widely differing locations and climates in the world, observations carried out by widely differing techniques with different tick species and at times short reports of a single observation in nature. Therefore the value of information reported varies considerably and conclusions from these reports are limited. Nevertheless, it was evident from the collected material that engorged ticks are an easier target than the unfed tick stages, and that ants, beetles and spiders are most frequently observed to be predators of ticks. In summary, the extent to which terrestrial arthropods attack ticks in nature has not yet been determined by adequate evaluations but mainly consists of sporadic observations and assumptions. It is therefore difÞcult to estimate the real effect of such predators upon tick populations. However, the long list of arthropods, which have been observed to prey on ticks, includes mainly ants, beetles, and spiders and demonstrates a strong interaction between the two groups.
In view of the limited scope of the existing information the question arises whether smaller arthropods, which are more difÞcult to detect such as mites, may also play an important role in suppressing tick populations. Cannibalistic behavior among ticks was found to support the distribution of vertebrate pathogens (Londono 1976) . No publications were found that support the possibility that tick predators could also function as vectors of vertebrate pathogens carried from their prey to vertebrates. Nevertheless such a possibility cannot be excluded.
Little attention has been paid as yet to the possibility of a potentially practical use of arthropod predators against ticks (Volkov and Phedulova 1972) even though the augmentation, introduction or conservation of various insects and acarine predators are already successfully applied for the control of insects (Rutz and Patterson 1990, Van Driesche and Bellows 1996) . This information can contribute toward further research on the impact of predators on tick populations and the possibility of predator augmentation in an alternative tick management strategy.
